Color Splitting Apparatus and Method with Unequal Glass Path Lengths 

TECHNICAL FIELD 

[0001] The present invention relates to color splitting/combining prism systems and more 
particularly to apparatus and methods for increasing the size of the clear aperture of one of the 
channels. For example, the size of the red channel clear aperture may be increased without a 
similar increase in the blue channel clear aperture and green channel clear aperture. This will 
minimize overall glass content and cost. 

BACKGROUND 

[0002] Many display systems use multiple spatial light modulators, such as liquid crystal 
display panels (LCD's) or digital micromirror devices (DMD™) to create a single full color 
image. Generally, a white light source is used to create a white light beam that is split, using 
dichoric filters, into three primary color light beams. Each primary color light beam is incident 
on a separate modulator and the three modulated primary color light beams are recombined to 
form a single full color image on a display surface. 

[0003] However, as will be appreciated by those skilled in the art, color splitting/combining 

prisms as typically used with spatial light modulators have equal glass path lengths through the 

prism system in order to promote lens design symmetry and picture quality. Further, the size of 

the prism arrangement is determined by optimizing the dichoric angles for the desired color with 

matching path lengths and then scaling the overall size of the prism to fit the size of the device 

being imaged. Since the red channel typically has the narrowest clear aperture, it is typically the 

red channel therefore that determines or sets the overall size of the prism arrangement that will 

be required for a particular image size. Once the size of the prism arrangement is set as required 
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by the red channel, it will be appreciated that the blue and green channels will have larger clear 
apertures than that of the red channel and could handle larger images. Unfortunately, an 
acceptable image cannot be generated if the image size of the red channel is different than that of 
the green and blue channels. 

[0004] Therefore, if the red channel clear aperture could be increased to be as large or equal 
to the clear aperture available with the blue and green channels, optimally sized prism 
arrangements with minimal glass content and, consequently, minimal cost, could be appreciated. 
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SUMMARY OF THE INVENTION 

[0005] These and other problems are generally solved or circumvented, and technical 
advantages are generally achieved, by preferred embodiments of the present invention, which 
provides for methods and apparatus for a three-element prism system for projecting three 
different colors of light onto a single display surface. According to one embodiment of the 
invention, the prism system comprises first and second prism elements for providing light having 
first and second colors respectively (such as, for example, green and blue colors) wherein both 
green and blue colors have a first air gap Ai of the same length, and a first glass path length Gi 
of the same length for a total path length T, where T equals Ai plus Gi. The system further 
includes another or third element for receiving light having a third color (red, in the present 
example) that has a second and different air gap length A2 and a second and different glass path 
length G2 for a total path length T that is the same as the total path length for the green and blue 
colors. Therefore, A2 + G2 = T = Ai + Gi. Although the invention is discussed with respect to 
three colors, such as red, green and blue, it will be appreciated that the principles of this 
invention are equally applicable to a two prism, two color system. 

[0006] The foregoing has outlined rather broadly the features and technical advantages of 
the present invention in order that the detailed description of the invention that follows may be 
better understood. Additional features and advantages of the invention will be described 
hereinafter which form the subject of the claims of the invention. It should be appreciated by 
those skilled in the art that the conception and specific embodiment disclosed may be readily 
utilized as a basis for modifying or designing other structures or processes for carrying out the 
same purposes of the present invention. It should also be realized by those skilled in the art that 
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such equivalent constructions do not depart from the spirit and scope of the invention as set forth 
in the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] For a more complete understanding of the present invention, and the advantages 
thereof, reference is now made to the following descriptions taken in conjunction with the 
accompanying drawing, in which: 

[0008] FIG. 1 is a perspective view of a three light modulator prism system for receiving 
illumination from a light source and for projecting three color images onto a display surface; 

[0009] FIG. 2 is a perspective view of the prism system of FIG. 1 without the two light 
directing prisms; 

[0010] FIG. 3 is a prior art top view of the three color image combining prism arrangement 
of FIG. 2; and 

[0011] FIG. 4 is a top view of the three color image system comprising prisms according to 
the present invention. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0012] The making and using of the presently preferred embodiments are discussed in detail 
below. It should be appreciated, however, that the present invention provides many applicable 
inventive concepts that can be embodied in a wide variety of specific contexts. The specific 
embodiments discussed are merely illustrative of specific ways to make and use the invention, 
and do not limit the scope of the invention. 

[0013] Referring to FIG. 1, a prism arrangement for illuminating three different light 
modulators and then projecting the modulated light onto a display surface is shown. The 
invention is described with respect to the use of three DMD™ (digital micromirror devices) light 
modulators, although the prism system as disclosed could also be used with three liquid crystal 
display (LCD) panels serving as Ught modulators. In the embodiment discussed, a DMD™ hght 
modulator is associated one each with the colors red, green and blue. According to the 
embodiment of FIG. 1, the prism arrangement includes five distinct prisms. Two of the prisms 
10 and 12 are used to direct white light 13 from the light source 14 to the color 
splitting/combining prism arrangement comprising a prism 16 for blue light, a prism 18 for red 
light and a prism 20 for green light. As will be appreciated by those skilled in the art, the size of 
the color splitting/combining prisms 16, 18 and 20 are determined by optimizing the dichoric 
angles for the desired color and then scaling the size of the prism arrangement to fit the size of 
the light image to be received by the prisms. As will also be appreciated by those skilled in the 
art, although the red channel is typically the channel that needs an increased clear aperture, the 
teachings of this invention are also applicable to other color channels, such as for example, the 
blue channel. It will further be appreciated that a two prism (i.e., prisms 16 and 18), two color 
arrangement is also possible. 
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[0014] Therefore, as shown, light modulator 22 is supported at a selected distance from face 
24 of the prism 18 where it can receive a selected color of light. In the following example, prism 
18 will receive red light and will be referred to as the "red" prism. The received red light is then 
modulated and becomes the red light needed to form images on the display surface, and is 
reflected into prism 18. Red light not needed for the image is reflected away from the prism 18 
by the red light modulator 22. In a similar manner, prism face 26 of the blue prism 16 and prism 
face 28 of the green prism 20 provide blue light and green light, respectively, (when three prisms 
are used) to modulators 30 and 32, respectively. The blue and green light is modulated in the 
same manner as discussed with respect to the red light, and the modulated red, green and blue 
light is then recombined and transmitted back to the light directing prisms 10 and 12. However, 
the arrangement of prisms 10 and 12 and the light path back through the splitting/combining 
prisms 16, 18 and 20 is such that the combined red, green and blue modulated light from the 
three light modulators is not reflected along the same path back toward the light source 14 but 
the modulated light 33 is instead reflected to a display surface 34. 

[0015] Therefore, since prisms 10 and 12 are used to provide white light from the source 14 
to the color splitting/combining prisms 16, 18 and 20 and to redirect the modulated and 
combined three colors of light onto display surface 34, it is seen that light directing prisms 10 
and 12 are not part of the color splitting/combining function of the prism arrangement and 
consequently will not be discussed further. 

[0016] Therefore, referring to FIG. 2, there is illustrated the prism arrangement of FIG. 1 
without light directing prisms 10 and 12. FIG. 3 is a prior art diagranmiatical top view of the 
color splitting/combining prism arrangement of FIG. 2 and illustrates how light is split and then 
recombined by the three prisms in this arrangement. 
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[0017] As shown in FIG. 3, white light 36 generated at source 14 (not shown) is directed to 
surface 38 of blue prism 16. Then, as indicated by line 36, the white light passes through surface 
38 of blue prism 16 and travels to surface 40a of blue prism 16 at the interface 40 located 
between blue prism 16 and red prism 18. The dichoric angle of surface 40a of blue prism 16 is 
selected so that blue light is reflected from surface 40a as indicated by a first portion of line 42a 
back to surface 38. However, the blue light strikes surface 38 at such an angle that it does not 
exit prism 16 through surface 38 but is again reflected. Then, as indicated by a second portion of 
line 42a, the blue light is reflected toward face 26 and light modulator 30. Face 26 of prism 16 is 
designed to be substantially perpendicular to light rays reflected from surface 38 and 
consequently, the blue light exits surface 26 and travels through an air gap with a selected 
distance Ai to light modulator 30 as indicated by double headed arrow 44a. The blue light is 
modulated by light modulator 30 and then follows the path indicated by line 42a to surface 40a 
where it is reflected along path 36 to surface 38 where it exits prism 16 and is directed to display 
surface 34 in a reverse direction. It will be understood by those skilled in the art that although 
the top two dimensional views of the light path appear to be identical in the forward and reverse 
directions, a three-dimensional view would show that, although the total path length in both the 
forward and reverse directions are substantially the same, they follow paths that are spaced apart 
in the third dimension. Thus, the modulated blue light is then recombined with modulated red 
and green light at surface 40a as will be discussed below and it is the combined modulated red, 
green and blue light that exits blue prism 16 along line 36 and is directed to display surface 34. 

[0018] As discussed above, the blue component of the white light from source 14 is 
reflected at surface 40a of blue prism 16. However, the unreflected red and green light that 
makes up the original white light passes through surface 40a of blue prism 16, the interface 40 
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and surface 40b of red prism 18 into red prism 18 as indicated by line path 42b, The red and 
green light (the blue Ught has been removed) travels along path 42b until it strikes the surface 
46a of red prism 18 at the interface 46 between red prism 18 and green prism 20. The dichoric 
angle of the red prism at surface 46a is selected so that red light is reflected as indicated by a first 
portion of line 42c and so that the unreflected green light passes into green prism 20. The red 
light reflected from surface 46a travels along the first portion of path 42c back toward the surface 
40b such that the red light strikes surface 40b at an angle and is totally internally reflected and 
travels toward prism face 24 along a second portion of path 42c. Since the second portion of 
path 42c of the red light is substantially perpendicular to prism face 24, the red light exits prism 
18 and travels through an air gap between prism face 24 and modulator 22 supported adjacent to 
prism 24. The length of the air gap between face 24 of red prism 18 and the modulator 22 
according to the prior art and as indicated by double headed arrow 44b, is selected to be the same 
distance Ai as the distance Ai of the air gap between face 26 of the blue prism 16 and modulator 
30 indicated by double headed arrow 44a. 

[0019] Modulated red light is then reflected from modulator 22 along path 42c to surface 
46a of red prism 18 where it is combined with modulated green light (to be discussed below) and 
the combined modulated red and green light then follows path 42b in a reverse direction and 
passes through surface 40b of red prism 18, interface 40 between red prism 18 and blue prism 
16, surface 40a of blue prism 16 and into blue prism 16. Then, as discussed above, the red and 
green modulated light is combined with the modulated blue light and follows path 36 out of blue 
prism 16 at surface 38. This combined red-green-blue modulated light will then be projected 
onto the display surface 34 to form the intended image. 
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[0020] As was mentioned above, after the red and blue light is removed at interfaces 40 and 
46 respectively, the remaining green light then travels through green prism 20 to green prism 
face 28 as indicated by path 42d. The green light then passes through face 28 and travels 
through an air gap to modulator 32. Modulator 32 reflects the modulated green light back 
through the air gap and into green prism 20 in a reverse direction along path 42d. Then, as 
discussed above, the modulated green light is recombined with modulated red Ught at interface 
46 and the combined red and green modulated light is combined with modulated blue light at 
interface 40 before it passes out of blue prism surface 26 to the display surface 34. As 
mentioned above, a two prism arrangement (such as prisms 16 and 18) for only two colors could 
be selected. 

[0021] It is noted that, according to the prior art, the air gap length or distance Ai between 
face 28 of green prism 20 and modulator 32 as indicated by double headed arrow 44c is the same 
as the air gap distance Ai between face 24 of red prism 28 and modulator 22 as indicated by 
double headed arrow 44b and the air gap distance Ai between face 26 of blue prism 16 and 
modulator 30 as indicated by double headed arrow 44a. 

[0022] As will also be appreciated by those skilled in the art, according to this conventional 
prism arrangement, the glass path length Gi for all colors (such as red, green and blue) are equal. 
That is, the glass path length Gi of the blue light (paths 36 and 42a) through prism 16 from entry 
surface 38 to face 26 is the same as the glass path length Gi of red light (paths 36, 42b and 42c), 
and the path length Gi of green light (paths 36, 42b and 42d). Thus, according to the prior art, 
the total light path length T starting at entrance face 38 of blue prism 16 to the appropriate red, 
green or blue modulator for the red light, green light and blue Ught, is the same. That is, for all 
colors of light including red, green and blue light, the total path T for each color equals Ai plus 
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Gi. Actually, since the red, green and blue light travels in both directions through the air gap and 
prism arrangement, the total path traveled is actually 2 (Ai + GO, but to simplify the discussions, 
T will be considered equal to Ai plus Gi. 

[0023] As was discussed above, the size of the prisms making up a color 
splitting/combining prism arrangement necessary to handle a selected image size is typically 
determined by optimizing the dichoric angles of the prism elements for the desired color (for 
example, red, blue and green), and then equalizing the path length to a constant value. Since in a 
three prism arrangement the red channel has the smallest or narrowest clear aperture at the prism 
face 24, according to the prior art it is necessary to select a red prism 18 with a face 24 adjacent 
to red light modulator 22 that is sufficiently large to receive an image having the selected size. 
The blue and green prisms must then be scaled as necessary to the red prism. However, the clear 
aperture for the green and blue prism elements will be noticeably larger than the clear aperture 
for the red prism element and, therefore, the green and blue prism elements could acconmiodate 
a larger image size. Of course, since the blue and green images must be combined with the red 
image, if a selected full color image is to be displayed on the display surface 34 (not show in 
FIG. 3), this is not acceptable. 

[0024] According to the present invention, however, the red prism element can be increased 
in size without a corresponding size increase in the blue and green prisms. This is achieved by 
compensating for an increase in the glass path length through the larger red prism by an 
offsetting decrease in the air space or gap between the red prism face and the modulator. 

[0025] Referring now to FIG. 4, there is illustrated a prism arrangement that incorporates 
the teaching of the present invention. As shown, the blue prism and the green prism are identical 
to the blue and green prisms of the prior art FIG. 3 and, therefore, carry the same reference 
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numbers. Likewise, the length of the air gaps 44a and 44c associated with the blue and green 
prisms 16 and 20 are also maintained at the same distance Ai. Therefore, the total light path 
length T for blue light and green light is the same as was discussed with respect to FIG. 3. That 
is, the total path length T for green light still equals Ai plus Gi and for blue light, T = Ai + Gi. 
However, as can be seen, red prism 18a has been increased in size so that the clear aperture along 
face 24a is also larger as indicated at 48a and can therefore receive a larger image. This means, 
of course, that glass path 50 from interface 46 to face 24a is also increased by the distance 
indicated by double headed arrow 48b. This, of course, also means that the total glass path 
length G2 for red light is increased by an equal amount. Therefore, unlike the prior art, the glass 
path length G2 for red light is not equal to the glass path length Gi of the blue and green light. 
However, if the three modulated colors are to be recombined to form a satisfactory image, the 
three modulated color images should arrive at the display surface 34 (not shown in FIG. 4) at the 
same time. This is accomplished according to the present invention by adjusting the length of 
the air gap A2 indicated by double headed arrow 44d so that the total effective path length T for 
red light is still equal to the total effective path length T of the blue light and green light. For 
example, A2 + G2 = T = Ai + Gi. Therefore, if the glass path G2 for red light is larger than the 
glass path Gi or green and blue light, then the air gap A2 at 44d for the red light must be 
decreased such as is shown in FIG. 3. 

[0026] More specifically, the time for light to travel the path for a first color such as blue 
light is determined from equation (1) 



where ni is the index refraction of the glass making up the blue prism element and di is the 



(1) 




c 



c 
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length of path 36 in the blue prism element, da is the light path of both portions of path 42a in the 
blue prism element and c is the speed of light. 

[0027] Similarly, the time for light to travel the path for red light is determined from 
equation (2) 

(2) ^^^Vi^Mi^Mi 

C C C 

where ni and di are the same as in equation (1), n2 equals the index of refraction for red prism 
element, ds equals the length of path 42b in the red prism element and d4 equals the length of 
path 42c in the red prism element. 

[0028] Likewise, the time for light to travel the path for green light is determined from 
equation (3) 



(3) 



c c c 



where ni, di, na and ds are the same as in equations (1) and (2), na equals the index of refraction 
of the green prism element and ds equals the length of path 42d in the green prism element. 

[0029] If, as is often the case, the index of refraction of the glass used for all of the prisms 
elements is the same, then the time to travel any glass path lengths can be simplified to 
n d 

= ^ ^ where tg is the glass travel time, Ug is the index of refraction of the glass and dg is the 
length of the complete glass light path. 

[0030] Similarly, the travel time across the air gap between the prisms and the 
corresponding modulators is equal to: 
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_ ''air^ airgap 
airgap " ^ 

where riair is the index refraction of air and dairgap is the length of the air gap. 

[0031] Therefore, recalling that T = Ai + Gi, and that A2 + G2 = T, then nairAi + ngd = 
nairA2 + ngOa. Therefore, since nain ng, Gi and G2 can be determined or measured, it can be seen 
that once the desired size of face 24 of the red prism 1 8a is determined, the length of the air gap 
can be calculated. It is again noted that a two prism system for only two colors can also be 
arranged according to the teachings of the present invention. 

[0032] It is again noted that, although the above discussion has been with respect to 
increasing the red channel clear aperture, the inventive concepts discussed above may be 
applicable to different color arrangements. For example, as will be appreciated by those skilled 
in the art, the prism arrangement may be changed so as to swap the red and blue channels. 

[0033] Although the present invention and its advantages have been described in detail, it 
should be understood that various changes, substitutions and alterations can be made herein 
without departing from the spirit and scope of the invention as defined by the appended claims. 

[0034] Moreover, the scope of the present application is not intended to be limited to the 
particular embodiments of the process, machine, manufacture, composition of matter, means, 
methods and steps described in the specification. As one of ordinary skill in the art will readily 
appreciate from the disclosure of the present invention, processes, machines, manufacture, 
compositions of matter, means, methods, or steps, presently existing or later to be developed, 
that perform substantially the same function or achieve substantially the same result as the 
corresponding embodiments described herein may be utilized according to the present invention. 
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Accordingly, the appended claims are intended to include within their scope such processes, 
machines, manufacture, compositions of matter, means, methods, or steps. 
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